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Abstract

Background

In 2003 mean cord blood mercury concentrations in pregnant Bermudian women exceeded

levels associated with adverse health outcomes in children. The principal mercury source

was local fish species. Public health messages were developed suggesting pregnant

women reduce consumption of fish species with higher mercury concentrations (e.g. sword-

fish), substituting species containing lower mercury concentrations, and elevated omega-3

fatty acids (e.g. anchovies). Recent evidence indicates mercury concentrations in Bermu-

da’s pregnant women have fallen five- fold.

Objectives

Assess whether changes in women’s fish eating patterns during pregnancy are consistent

with the public health messaging. Determine who is making changes to their diet during

pregnancy and why.

Methods

Mixed methods study with a cross-sectional survey of 121 pregnant women, including 13

opened-ended interviews. Health system, social vulnerability, public health messaging, and

socio-demographic variables were characterized and related to changes in fish consump-

tion during pregnancy. Qualitative data were coded according to nutritional advice mes-

sages, comprehension of communication strategies, and sources of information.

Results

95% of women surveyed encountered recommendations about fish consumption during

pregnancy. 75% reported modifying fish eating behaviors because of recommendations.

Principal sources of information about fish consumption in pregnancy were health care pro-

viders and the Internet. 71% of women reported reducing consumption of large fish species

with greater mercury levels, but 60% reported reduced consumption of smaller, low mercury

fish. No participant mentioned hearing about the benefits of fish consumption. More fre-

quent exposure to public health messages during pregnancy was associated with lower
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reported consumption. Bermudian born women were less likely to reduce consumption of

large fish species during pregnancy.

Conclusions

In Bermuda, public health messages advocating reduced consumption of larger, higher

mercury-containing fish species appear effective, but masked the nutritional value message

of small fish species, with low mercury concentration. Adjustment is needed to better bal-

ance the risk communication.

Introduction
In 2003, our research team, as part of the Atlantis Mobile Laboratory visit to Bermuda, docu-
mented elevated mercury concentrations in the cord blood of pregnant women; 60% of samples
were above the contemporaneous United States (U.S) Environmental Protection Agency guide-
lines for mercury in cord blood (30nmol/L or�5.8 μg/L) [1]. Eighty-five percent of the mer-
cury analyzed in cord blood was methylmercury, indicating that fish consumption was the
primary exposure route [1, 2].

Even at relatively low levels (<20ug/L in cord blood), prenatal exposure to mercury, specifi-
cally methylmercury, is associated with childhood impairments in general cognition, memory
and verbal skills [3]. Recent research observes associations between prenatal mercury exposure
and shortened gestation resulting in reduced newborn birth weight, length and head circumfer-
ence [4]. In the 2003 study from Bermuda, our research established a mean cord blood mercury
concentration of 8.3 μg/l (range 1–32.1 μg/l) [5]. Research from Northern Canada in a popula-
tion of school-age children, documents adverse effects on behaviour [6] and cognitive function
[7]- including intellectual disability [8]- associated with prenatal mercury exposure at concen-
trations similarly observed in Bermuda in 2003.

According to the Bermuda Department of health, in the early 2000s, dietary recommenda-
tions regarding fish consumption were reportedly regularly made to pregnant women in Ber-
muda, but applied only to imported fish. Bermuda is an archipelago of seven main islands and
most inhabitants consume both imported and locally-caught fish species. Dietary surveys com-
pleted by the women sampled in 2003 indicated that consumption of certain locally-caught
fish species was strongly correlated with cord mercury concentrations, while consumption of
imported fish, which were consumed less frequently than local ones, was not related to blood
mercury levels [1]. As a result, between 2003 and 2006, the research team assessed levels of
mercury, as well as beneficial fish nutrients (omega three fatty acids and selenium) in 307 spec-
imens from 43 commercial fish species caught in Bermudian waters [2]. Omega-3 fatty acids
have been associated with reduced risk of preterm birth and greater infant birth-weight [9] and
have been linked with enhanced visual system function [10] and memory [11] and language
development [12]. Selenium may protect against miscarriage, pre-eclampsia, foetal growth
restriction, and preterm labour [13]. In fish eating populations, high selenium and omega-3
intakes may provide health benefits that offset some of the deleterious effects of mercury expo-
sure [14, 15]. It is uncertain if pregnant Bermudian women are aware of these benefits.

For most coastal communities, local fish and seafood continue to contribute to food security
and economic prosperity and have substantial cultural and historical importance [16]. Fishing,
and the sharing of fish, are important parts of Bermuda’s cultural identity [2]. Consequently, in
collaboration with the Government of Bermuda, we developed recommendations for
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Bermudian pregnant women that incorporated data on mercury, omega-3 fatty acids and sele-
nium concentrations in local fish [2]. For the 43 species for which we had data, we calculated
the number of fish portions (220 g) that could be consumed per week by pregnant women fol-
lowing the Food and Agricultural Organization/World Health Organization provisional tolera-
ble weekly intake (PTWI) recommendations for methylmercury (1.6 μg/kg bodyweight)[2].
Based on these calculations, visual communication tools were developed showing fish on a
scale according to mercury, selenium and omega-3 fatty acid concentrations. We also made
specific recommendations for fish consumption during pregnancy that would help assure that
pregnant women did not reach the PTWI [2]. Fish species, such as swordfish and blue marlin,
were categorized as “do not consume” during pregnancy, while some were categorized as
restricted (e.g. snapper, tuna andWahoo), and others were grouped as “without restriction,”
(e.g. barber and flying fish). We specifically avoided suggesting that women stop eating fish but
rather, that they substitute higher-risk fish species (do not consume and restricted categories)
with those of less concern and with elevated nutrient profiles (without restriction category) [2].
Following our recommendations, in December 2007, the Department of Health issued local
fish consumption guidelines to reduce the exposure of pregnant women to mercury, while also
emphasizing the nutritional benefits from regular fish consumption. These were directed spe-
cifically to all physicians on the islands [17, 18]. The guidelines were disseminated by local
media [19] and continue to be discussed by obstetricians during prenatal consultations. The
Department of Health also created a brochure about local fish consumption during pregnancy
to accompany more general international guidelines that are discussed during prenatal visits.
Despite these efforts, the Department of Health did not know if their messages were reaching
pregnant women and if so, how they were being understood.

In 2010, our research team returned to Bermuda and conducted a study on prenatal expo-
sure to environmental contaminants including an analysis of mercury concentrations in preg-
nant women’s blood. This follow-up study showed that mercury levels in pregnant Bermudian
women in 2010 were five fold lower than when first measured in 2003 [17]. None of the partici-
pants sampled exceeded international thresholds for concern (8 ug/L) [20] and based on these
results, the authors suggested that Bermuda Department of Health guidelines and outreach
efforts were effective at reducing the exposure of pregnant women to mercury through con-
sumption of both local and imported fish [17]. However, the survey was carried out at Bermu-
da’s Public Health Clinic, whose clientele is largely lower income and uninsured, raising
questions about whether the results could be generalized to the wider population (e.g. those
with high income levels and insurance). While encouraged by the drop in mercury levels in
Bermudian pregnant women, it was determined important to develop a fuller understanding of
the mechanisms that may have led to this downward shift and to examine the connection
between the observed changes in mercury concentrations and Bermuda’s proactive public
health activities. In part, the current study is an effort to corroborate, or contradict, the previ-
ous study’s conclusions.

Here, we examine whether women are changing their fish eating patterns since becoming
pregnant and whether public health messages are influencing these behaviors. Second, we doc-
ument who is making changes to their diet. Socio-demographic characteristics such as age, par-
ity, education, income and ethnicity may affect whether women receive and follow dietary
recommendations during pregnancy [21, 22]. Finally, based on research from the U.S. that
showed an overall decline in fish consumption following a national mercury advisory [23], we
were concerned that pregnant women in Bermuda were reducing their consumption of all fish,
not just those with elevated mercury concentrations. As the aim of the guidelines promoted by
the Department of Health were to balance the risks and benefits of fish consumption during
pregnancy, we assess whether pregnant women are also reducing their consumption of
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beneficial/low-risk fish species. In other words, if the public health messages were entirely suc-
cessful, pregnant women would have reduced their consumption of large, steak fish such as
swordfish, wahoo, and fresh tuna, while continuing to eat or even increasing their consumption
of fish that contain low levels of mercury and are elevated in healthy nutrients [2].

Materials and Methods

Context
Bermuda consists of nearly 200 coral islands and islets in close proximity to each other; the
landmass stretches approximately 22 miles long and is about 1 mile across. Bermuda is approx-
imately 500 miles off the coast of North Carolina and contains approximately 65,000 perma-
nent residents. It is a self-governing overseas territory of Great Britain, with most people
employed in the financial/international business industry, public administration, or the service
sector [24]. In 2014, the median gross earnings in Bermuda was 63,897 U.S. dollars [25]. Close
to 100% of the population is literate and on average, Bermudians receive 12 years of schooling
[24]. The median age of the population is 41, with over a third of the population 45 years or
older [24]. The fertility rate in Bermuda is estimated at 2 births per woman; 50% of women
have their first child before 25 years of age and nearly a quarter before 20 [24, 26].

Study design
This is a mixed methods study that employed an explanatory sequential design; that is, the
quantitative portion of the study was followed by a qualitative portion to provide context to the
quantitative results [27]. First, we conducted a cross-sectional survey with an anonymous,
closed-ended questionnaire. At the end of the questionnaire, the participant could opt-in to the
qualitative portion by checking a box stating that she would be willing to be contacted later
with additional questions. In that box, she provided her contact details (phone number and
email address). Those women unwilling to be contacted in the future did not provide personal
details and their questionnaires remained anonymous. For those who opted-into the qualitative
portion of the study, we carried-out semi-structured interviews and open-ended question-
naires, administered by telephone and email, respectively.

Quantitative Cross-sectional Study
Population Sample. For the quantitative portion of the study, all pregnant women receiv-

ing prenatal care on the islands of Bermuda fromMarch 15, 2013 to July 1, 2013, were eligible
to participate in this study. All clinical medical practices, private and public, participated in
this study. Women were sampled if they were between their 26th and 30th week of pregnancy.

Sampling strategy. The questionnaire was self-administered. Women were given the
questionnaire by a health service provider during their prenatal glucose challenge appointment.
This is a routine test that is a part of every woman’s prenatal care package in Bermuda. It is
also a good time for survey administration, because women are required to spend an hour in
the clinic/hospital waiting room between blood draws, allowing sufficient time to complete the
survey. The questionnaire was distributed towards the end of pregnancy so that public health
messages on fish consumption given early in pregnancy could be incorporated into the daily
behaviours and practices of pregnant women.

Variables of Interest. Covariates: Covariates were divided into four categories: 1) Health
system; 2) Social vulnerability; 3) Public health messaging; and 4) Socio-demographic and
household.
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Health system: For this category, we enquired whether the participant had full medical
insurance or partial insurance/no insurance. We also recorded whether the participant was
being followed by a private medical provider or a public provider.

Social vulnerability: We enquired whether the participant was receiving any form of govern-
ment assistance (daycare supplement, financial assistance, or housing assistance). We also
administered the 6-item USDA food security module [28]. A participant was considered food
insecure if she responded affirmatively to two or more of the questions in the module; other-
wise, she was considered food secure. To measure housing security, we used three questions
adapted from the Pregnancy Risk Overview questionnaire [29]: 1) In the past 12 months, did
you stay in a shelter or other temporary facility for 1 or more nights? (yes/no); 2) In the past 12
months, did you stay with family or friends, as a temporary situation, for 6 months or more?
(yes/no); 3) Are you worried about not having a place to live after childbirth? (yes/no). If a par-
ticipant answered yes to any one of these questions, she was considered housing insecure; oth-
erwise, she was considered housing secure.

Public health messaging: We enquired about communication the participants had received
concerning the consumption of fish during pregnancy. Specifically, we asked: 1) Have you ever
heard or read any health recommendations about eating fish during pregnancy? (yes/no); 2)
While pregnant, how often have you heard or read recommendations about consuming fish?
(never, rarely, occasionally, frequently). Because only six women reported that they had never
encountered recommendations about consuming fish during pregnancy, we grouped the
“never” and “rarely” categories together. We also recorded the sources of this information
(health provider, childbirth education class, newspaper, television, internet, friends/family, or
other).

Socio-demographic and household characteristics: Data was collected on the participant’s
age, civil status, race, place of birth, educational attainment, income, perceived income suffi-
ciency, and pregnancy history.

Outcomes: We had two outcome measures: reduced consumption of large fish (yes/no) and
reduced consumption of small fish (yes/no). These reflected Department of Health guidelines
advocating for lowered consumption of large fish species and maintenance/augmentation of
consumption of smaller, lower mercury species. Those who reduced consumption of large spe-
cies were in “compliance” with official messages, while those who also reduced small fish were
“not in compliance.” To obtain these outcome measures, we asked the following questions: 1)
For larger, steak fish such as swordfish, wahoo, and fresh tuna, please check whether you are
now consuming a lot less, less, the same, more, or a lot more, now that you are pregnant; 2) For
smaller fish like anchovies and sardines, please check whether you are now consuming a lot
less, less, the same, more, or a lot more, now that you are pregnant. The example large fish spe-
cies we used corresponded to those in the restricted/do not consume categories, while the
example small fish species corresponded to the no /limited restriction categories of Bermuda
Fish Consumption Guidelines for pregnancy. Those who checked the boxes “a lot less” and
“less” were considered to have reduced their consumption of these fish (yes value), while those
who checked the boxes “the same, more, or a lot more” were categorized with a no value. For
both of these questions, we also had a “do not eat” box.

Quality Assurance. The first and second authors drafted the questionnaire. It was reviewed
and commented upon by the Chief Medical Officer of Bermuda (fourth author). It was further
revised by four maternity staff, including a nurse and nutritionist from the public sector and an
obstetrician and pediatrician from the private sector. Prior to beginning the study, staff from the
participating clinics were trained on how to distribute the questionnaire and respond to partici-
pant questions. The first author and participating clinics communicated regularly and any con-
cerns about questionnaire content and administration were addressed immediately.
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Statistical Analysis. STATA/SE 13.1 (College Station, Texas) was used to analyze the
quantitative data. Bivariate analyses were conducted to assess associations between covariates
and outcome variables for those women who eat fish. For categorical data we used two-by-two
contingency tables with Fisher’s exact test and for continuous data, we used Student’s t-test.
Because the sample is relatively small, we present all covariates with p-values of 0.10 or less.

Qualitative Study
For all women who agreed to be contacted for the qualitative study (N = 38), we first reached
out by phone and then by email. In general, we would make two phone calls and two email
attempts before moving on to the next potential participant. Five women were reached by
phone for interview, while 7 were communicated with via email. Interview notes were tran-
scribed into Microsoft Word; email correspondence was likewise copied into Word. All textual
documents were then uploaded into MAXQDA, a software program for qualitative data analy-
sis. A qualitative codebook was developed based on the study objectives. Data were then coded
and grouped into themes of nutritional advice (promotion versus avoidance messages), food
communication (satisfactory, dissatisfactory, or confusing), and communication sources.
These themes were then related back to the quantitative findings to improve interpretation of
these results and their relevance.

Ethics
The Bermuda Hospital Board Ethics Committee approved this research study.

Results

Participant Characteristics
121 women were sampled. Table 1 presents the participant characteristics for the categorical
variables. The mean participant age was 31 years (range 16–41). Most women were followed by
private obstetricians, had a university education, and an income greater than 6000 dollars per
month. Nearly two thirds of women were married or previously married, born in Bermuda,
and had already given birth. Half of the sample self-identified as black. Over ten percent of
women were food or housing insecure.

Knowledge about mercury in fish and sources of information
One hundred and thirteen women (95%) had heard or read recommendations about fish con-
sumption during pregnancy. Of these women, 89 (75%) stated that since becoming pregnant
they had changed their eating habits because of health recommendations about eating fish dur-
ing pregnancy. From the qualitative interviews, ten women explicitly stated they received or
sought nutritional advice about fish during pregnancy. Five mentioned mercury in fish as a rea-
son for changing fish consumption habits. Three women mentioned specific kinds of fish in
relation to mercury.

“They [health care provider] gave me a pamphlet about fish. In this pamphlet, it talked
about mercury in fish and which fish to avoid; I remember shark and mackerel” (30 years old,
married, university education).

Participants frequently cited advice from healthcare providers and the Internet as sources of
information about fish consumption during pregnancy. Of the 113 women who had heard or
read health recommendations about fish while pregnant, the primary sources of information
were healthcare providers (75% of participants), the Internet (62%), and family and friends
(47%). When healthcare providers discussed fish during pregnancy, women interpreted these
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Table 1. Participant characteristics1,2.

Characteristic N %

Health System

Source of healthcare 121

Public 11.60%

Private 88.40%

Medical insurance 120

Partial/None 21.70%

Full 78.30%

Social Vulnerability

Governmental Assistance 120

Yes 6.70%

No 93.30%

Food insecure 119

Yes 15.10%

No 84.90%

Housing insecure 121

Yes 10.70%

No 89.30%

Public Health Messaging During Pregnancy

Heard/read recommendations about fish consumption 119

Yes 95.00%

No 5.00%

Frequency fish consumption messages were encountered 118

Frequently 11.90%

Occasionally 49.20%

Never/Rarely 39.00%

Socio-demographic & Household

Civil Status 121

Single 33.10%

Married/previously married 66.90%

Race 121

Black 47.10%

White 29.80%

Other 23.10%

Born in Bermuda 121

Yes 61.20%

No 38.80%

First pregnancy 120

Yes 41.70%

No 58.30%

Educational attainment 121

Secondary school or less 28.10%

Technical/vocational school 15.70%

University or more 56.20%

Monthly Household Income 110

�$2999 U.S. 22.70%

$3000-$5999 U.S. 22.70%

�$6000 U.S. 54.50%

(Continued)
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messages to be about avoidance. In none of the qualitative interviews did participants mention
healthcare providers promoting the consumption of fish or discussing a balance between risks
and benefits.

“[Did your healthcare provider talk to you about nutrition and diet during pregnancy?]
yes. . .fish and seafood, cold cuts, just as warnings not to eat” (38 years old, married, university
education).

The Internet was frequently used to fill in communication gaps left by healthcare providers,
but could also be a source of confusion. Family and friends were also used to fill these gaps.

“[regarding satisfaction with nutritional communication from healthcare providers]. I am
somewhat satisfied, but I did get more information from other sources, and the OB [obstetri-
cian] probably the least amount of information. Also the information she gave was very basic
and nothing more than "eat your vegetables and drink water". Anything specific I often read in
books or the internet.” (33 years old, married, university education).

“The nurse just gave a brief introduction to the pamphlet on nutrition during pregnancy
which was quite helpful but wasn't enough so I searched online for things that I wanted to have
like cooked sushi, shellfish, coffee, decaf and pineapples. The internet gave a few mixed signals
because some said I can have the stuff above and some said I can't so I just had the foods in
moderation” (32 years old, single, technical school).

“The nurse would explain nutritional advice to a point, why I should eat in a certain man-
ner. If I was not sure about something, I would ask my mother” (16 years old, single, not fin-
ished with high school).

Changes in fish consumption during pregnancy
Fig 1 shows the changes that participants reported having made to their fish consumption dur-
ing pregnancy. A third of women reported that they did not eat large, steak fish like swordfish,
wahoo, and fresh tuna (36, 30%) and most women stated that they did not eat smaller fish like
anchovies and sardines (74, 62%). Of those 83 women who ate larger fish, 59 (71%) reported
eating less or a lot less fish large fish since becoming pregnant. Four women (5%) reported eat-
ing more or a lot more of the large fish. Of those 46 women who ate smaller fish, 22 (57%)
reported consuming less or a lot less since becoming pregnant. Two women (4%) reported con-
suming more small fish since becoming pregnant.

Table 1. (Continued)

Characteristic N %

Housing 120

Family/friends 11.70%

Rent 64.20%

Own 24.20%

Income Sufficiency 118

No personal income 23.90%

Does not meet needs 11.90%

Meets needs suitably 39.00%

Meets needs very well 26.30%

1) Results calculated from the quantitative cross-sectional survey
2) Table only contains data from the categorical variables

doi:10.1371/journal.pone.0139459.t001
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Reasons given for changing fish consumption
Table 2 depicts the reasons that women gave for reducing their consumption of large and small
fish species. For both types of fish, a substantial proportion of women cited advice from a med-
ical professional and the popular press for why they changed their diet. For smaller fish, taste
was also an important factor.

Fig 1. Reported changes in Fish Consumption During Pregnancy (n = 119)1,2. 1. Data used to calculate these proportions come from the quantitative
surveys. 2. On average, large fish contain more mercury and lower omega-3 and selenium concentrations than smaller fish, which are considered safer to
eat.

doi:10.1371/journal.pone.0139459.g001

Table 2. Reasons given by study participants for reducing the consumption of large and small fish
species, from among those who reported reduced consumption of these species since becoming
pregnant1,2.

Large fish species, Proportion of
participants

Small fish species, Proportion of
participants

Advice from a medical
professional

51% 31%

Advice from family or
friends

2% 3%

Information in the popular
press

37% 23%

Affordability 2% 3%

Does not taste good 13% 37%

Upsets stomach 11% 9%

Other reason 19% 20%

1. Data used to calculate these proportions come from the quantitative surveys.
2. Participants could select more than one reason for reducing consumption of large and small fish species.

doi:10.1371/journal.pone.0139459.t002
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Participant characteristics associated with changes in fish consumption
Table 3 shows characteristics associated with reduced consumption of large fish such as sword-
fish, wahoo, and fresh tuna. Women followed in the public sector were less likely to reduce
their consumption of large fish species, as were women with no medical insurance. It should be
noted that lack of insurance is a reason for seeking care in the public sector. None of the social
vulnerability variables were associated with reduced consumption of these fish. In regards to
public health messaging, all women who reported having frequently heard or read recommen-
dations about fish consumption during pregnancy reduced their consumption of large fish,
while 71% of women who occasionally heard such recommendations reduced their consump-
tion, compared to 60% of women who rarely heard such recommendations. Finally, women
born in Bermuda and those self-identifying as black, were less likely to reduce their consump-
tion of large fish.

Table 4 shows the categorical characteristics associated with reduced consumption of small
fish such as sardines and anchovies. Women with less than a university education were more
likely to reduce their consumption of small fish. Younger women were significantly more likely
to reduce their consumption of small fish (p 0.03). The mean age of women reporting having
reduced their consumption of small fish was 29, compared to 33 for those whose consumption

Table 3. Characteristics associated with reduced consumption of large fish species during preg-
nancy, among those womenwho eat large fish1,2.

Variable N n, % of women who ate less
large fish

P-
value

Health System

Source of healthcare 83

Private 54, 75.0%

Public 5, 45.5% 0.07

Medical insurance 83

None 3, 33.3%

Partial 9, 75.0%

Full 47, 75.8% 0.04

Public Health Messaging

Frequency messages about fish consumption were
encountered

81

Frequently 8, 100%

Occasionally 27, 71.1%

Never/Rarely 22, 62.9% 0.05

Socio-demographic & Household

Race 83

Black 25, 59.5%

White 18, 85.7%

Other 16, 80.0% 0.07

Born in Bermuda 83

Yes 37, 63.8%

No 22, 88.0% 0.03

1. Data used to calculate these proportions come from the quantitative surveys.
2. Sample restricted to those who reported that they eat large fish species such as swordfish, wahoo, or

fresh tuna

doi:10.1371/journal.pone.0139459.t003
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of small fish remained the same. The frequency of encountering messages about fish consump-
tion during pregnancy was positively correlated with a reduction in small fish consumption.
Those reporting only “occasionally” encountering fish consumption messages were the least
likely to reduce their consumption of smaller fish.

Discussion

Did public health messaging lead to changes in fish consumption during
pregnancy?
Public health messaging in Bermuda appears to influence the consumption of fish during preg-
nancy. Similar findings have been reported in the U.S. and it has been suggested that women
may be particularly responsive to behavior change messages during pregnancy [23]. In this
study, nearly all women affirmed they had heard or read health recommendations about eating
fish during pregnancy and that these led to changes in their fish consumption patterns while
pregnant. The qualitative interviews corroborated the quantitative findings; 10 of the 13
women interviewed specifically mentioned fish as part of the nutritional messages they had
been exposed to during pregnancy. This study provides support to previous research [17] sug-
gesting that the drop in mercury levels in Bermudian pregnant women between 2003 and 2010
was linked to public health messaging about fish and mercury [17], especially as the majority of
women in this study cited their healthcare provider as the source of this information.

Were certain groups of women more/less likely to change their fish
consumption during pregnancy?
Most socio-demographic and household characteristics were not related to changes in fish con-
sumption patterns during pregnancy. However, Bermudian-born and black women were less
likely to report reducing their consumption of large fish species. It is important to note signifi-
cant colinearity between these two variables (p<0.01), as the majority of Bermudian-born
women are black (64%). Bermudian-born women may be less likely to reduce their consump-
tion of large fish because of the importance of maritime history to Bermuda and the sense of
identity associated with fishing and other activities related to the sea [30]. Moreover, most Ber-
mudians obtain locally-caught fish from family, friends, or small vendors selling on the side of

Table 4. Characteristics associated with reduced consumption of small fish species during preg-
nancy, among those womenwho eat small fish1,2.

Variable N n, % P-value

Socio-demographic & Household

Educational attainment 46

Secondary school or less 10, 76.9%

Technical/vocational school 3, 100%

University or more 13, 43.3% 0.04

Public Health Messaging

Frequency messages about fish consumption were encountered (N = 78) 46

Often 6, 85.7%

Occasionally 9, 40.9%

Never/Rarely 11, 64.7% 0.09

1. Data used to calculate these proportions come from the quantitative surveys.
2. Sample restricted to those who eat small fish species such as sardines and anchovies

doi:10.1371/journal.pone.0139459.t004
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the street. The diversity of such “off-market” fish may be limited and when fish is shared by
family and friends, it may be difficult to refuse such generosity or request an alternative lower
in mercury. This may be particularly true for lower income women, such as those who use the
public health clinic and have no insurance. It may explain, in part, why these women were less
likely to report reducing large fish consumption during pregnancy. Alternatively, messaging to
women who attend the public health clinic, most of whom do not have insurance, may not suf-
ficiently address mercury concerns in larger fish species, especially if these women have other
health concerns that take precedence during the prenatal consultations.

For smaller fish, women with less than a university education and younger women were
more likely to report reducing their consumption of these fish. Because education is a proxy for
information acquisition and assimilation [31], those with less education may not always fully
understand the messages presented to them and/or seek additional information to fill-in com-
munication gaps. In other contexts, researchers have criticized health officials for assuming
that awareness of messages about mercury in fish is equivalent to understanding [32].

Concerning larger fish, access to a private healthcare provider may also influence the nutri-
tional advice received by pregnant women. In fact, in correspondence between the first author
and the Bermuda Hospital Board, it was revealed that several of the private obstetricians were
counseling their patients to reduce all fish intake to one serving per week, irrespective of fish
species. Insufficient knowledge about food safety recommendations for pregnant women has
been documented elsewhere, as many healthcare professionals receive no formal training on
the subject [33]. Health professionals in Bermuda may have insufficient knowledge about the
risks and benefits of fish consumption and prefer to take a cautious approach to prenatal
counseling that attempts to avoid risk altogether. Previous involvement of healthcare profes-
sionals in research about mercury exposure in Bermudian pregnant women may have aug-
mented concerns about the contaminant in fish, which overshadowed the benefits of fish
nutrients.

Did women reduce their consumption of all fish, or just those with high
levels of mercury?
Results suggest positive and negative consequences to the public health messaging. Nearly all
women reported encountering messages about fish consumption during pregnancy and three-
quarters of these women reported modifying their fish consumption patterns based on these
messages. From the qualitative interviews, it appears that women were interpreting the mes-
sages about fish during pregnancy as being dominated by themes of risk and avoidance. This
trend has been noted in wider popular media, where messages about the risks of fish consump-
tion outweigh messages about their benefits, by approximately four to one [34].

The quantitative results showed that among those women who report consuming large
steak fish, the vast majority indicated they (71%) had reduced their consumption while preg-
nant. This finding suggests that messages about avoiding “riskier” fish species are being under-
stood and enacted in Bermuda. However, the nuance in these messages related to the benefits
of consuming smaller fish with low levels of mercury, appears to have been received with lim-
ited success. Of those women who reported consuming smaller fish, over half also reduced
their consumption of these fish while pregnant. Many of these women reported that they were
consuming less because of taste, but a nearly equal proportion reported that the change was
due to advice from a health professional. Of those who reported reducing small fish consump-
tion because of health professional advice, it is likely that they reduced consumption of all fish
species while pregnant (8 of the 10 women who reported consuming less small fish because of
advice from a health professional, also reduced consumption of large fish). Of interest, those
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who reported frequently encountering public health messages about fish in pregnancy were
most likely to consume less small fish while pregnant. It is possible that these women were
especially risk-adverse and were actively looking up this information. It is also possible that too
much exposure to these messages led to a sense of fear about fish altogether, obscuring messag-
ing, if any was received, about the benefits of fish consumption.

Was it likely that the observed drop in blood mercury levels in Bermudian
pregnant women was due to selection from the Public Health Clinic?
Despite the small sample size, it appears that women from the public health clinic were less
likely to report changing their fish consumption patterns while pregnant, compared to women
followed in the private sector. Women without private insurance were significantly less likely
to reduce their consumption of large fish (p 0.04) and women followed at the Public Health
Clinic were marginally less likely to report doing so (p 0.07). Given that women followed in the
private sector were more likely to reduce their consumption of fish species known to be ele-
vated in mercury, it appears unlikely that the large drop in blood mercury levels between 2003
and 2010 [17] was due solely to selection bias.

Strengths and Limitations
There are limitations to this study. First, changes in fish consumption are self-reported and
thus represent perceived changes, which may not reflect actual change. We did not measure
actual fish consumption levels (e.g. mean number of grams consumed per day) and while
methods, such as a food frequency questionnaires could have been used to obtain this informa-
tion they are ill adapted to self-administration and substantially increase the time necessary to
complete the interview. Thus, we could not compare actual fish consumption levels in Bermu-
dian women with international standards for the recommended number of grams consumed
per week. However, our objective was to investigate whether public health messages were influ-
encing behavior change during pregnancy and not to assess dietary consumption patterns.
Additionally, because of the small population of Bermuda (�65,000) and low birth rate, we
had a relatively small sample size for the quantitative estimates, which prohibited multivariate
analyses, especially as most variables of interest were categorical. Given our objective to
describe the characteristics of those making changes to their diets, multivariate analyses would
have added little additional information to our findings, as this objective was not etiological.

There are strengths to this study. Unlike previous research on the subject [23], we used a
mixed-methods study design, which helped us to better understand why reported changes may
have occurred and to identify shortcomings in the public health messages. The qualitative
results helped to identify sources of confusion in messages about fish and pregnancy and a per-
ceived general lack of discussion about the benefits of fish consumption from Bermudian
healthcare providers. Additionally, we obtained a representative sample of all pregnant women
on the island during the sampling period, with a nearly 100% participation rate (we had 2
refusals from the public health clinic). Characteristics of the study sample including race, mari-
tal status, and income levels closely resemble those obtained by the 2010 Bermudian census
[24], suggesting that study findings can be generalized to all pregnant women in Bermuda.
This research program also has the added benefit of being carried in a small geographically iso-
lated community, with an advanced public health system and within the context of several rig-
orous studies on local fish, from which we have accurate data on the levels of mercury and
nutrients.

For future research on health messaging during pregnancy, we suggest examining women’s
perceptions about fish/seafood early and late in pregnancy, in order to document the
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assimilation of prenatal messages across pregnancy and whether changes in fish consumption
differ with more exposure to prenatal counseling. We suggest combining such research with
biomarker measures of nutrients and contaminants. This study assumes that reductions in fish
consumption, especially smaller fish, reduce fetal exposure to beneficial omega-3 fatty acids.
However, in the absence of blood measures of these nutrients, our assumption is conjecture.
For example, it is possible that women take fish oil supplements to offset their lowered con-
sumption of smaller, oily fish. In this study, of the 84 (69%) women who reported taking prena-
tal vitamins, 15 (18%) of these women reported taking some form of fish oil. On the other
hand, 37 (31%) women did not report taking any prenatal supplements at all.

Conclusions
This study provides evidence that public health messages by the Government of Bermuda,
which advocated that pregnant women consume fewer large fish, may be effective. The major-
ity of women who consume fish report that they eat less large fish species, such as swordfish.
Consumption of small fish species with highly beneficial nutrient profiles is reportedly low in
this population. Some women reported lowering their consumption of these species during
pregnancy, and if these are the only fish they eat, messaging could be unduly adverse to the
nutrition of these women. Public health messages may need clarification so that women under-
stand that it is acceptable to continue, even increase, their consumption of smaller fish species
during pregnancy. Given the importance of maritime culture to Bermuda, health promotion
activities centered on fish or fishing, such as cooking demonstrations with anchovies and sar-
dines, or community-based programs that subsidize or give-away smaller fish species to preg-
nant women, may be promising avenues of intervention in the future.
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